A gauge field theory is proposed for symmetric spinor fields of valence (n+1,0) on a flat spacetime which generalizes the Maxwell theory of electromagnetism. Further we study firstorder equations for symmetric spinor fields of valence (1,n) which are consistent in arbitrarily curved spacetimes, conformally and gauge invariant and whose solutions satisfy the equations for the potentials of massless fields in flat spacetimes.
Introduction
It is well known [3, 8] that the (massless or massive) field equations proposed by P.A.M. DIRAC [5] and M. FIERZ [7) become inconsistent if the spin is greater than one and an electromagnetic or gravitational field is present. The zero rest-mass equations
are consistent for n=O (Weyl's equation) and n=1 (homogeneous Maxwell's equation), but for n>1 they are inconsistent unless the spacetime is conformally flat [3, 13, 15] . In complexified spacetimes the equations.(l) are consistent for n>l only if the spacetime is conformally self-dual [13, 14] . In Riemann-Cartan spacetimes there are also consistency conditions which restrict the "background geometry" [1] .
There are several attempts to overcome these difficulties (see, e.g., [2)). The theory of M. FIERZ and W. PAtJLI [8] which is based on an action principle yields consistent field equations for arbitrary spin, but it is necessary to introduce certain auxiliary fields in order to have enough field components R. ILLGE (see also [6, 9] ). Simple supergravity is a consistent field theory to describe the interaction of a massless spin 3/2-field with a gravitational field, but supergravity seems to be unsuitable to describe fields of arbitrary spin [11] . All of these theories are not suitable to describe massless fields with arbitrary spin on a generally curved spacetime.
In the first part of this paper we consider massless fields in flat spacetimes and generalize the well known relations between an electromagnetic field and its potential to fields of higher spins. It is shown that for every symnietricspinor field 0 the equation
has a solution E which is symmetric in the dotted indices. 
It seems to be impossible to generalize this theory to curved spacetimes. But the equations = 0 (4) which are obviously stronger than (3) can be solved in arbitrarily curved spacetimes for arbitrary n. They have some remarkable properties (Cf. Theorem 1):
i) The equations (4) are consistent in arbitrarily curved spacetimes. The Cauchy problem is properly posed for these equations.
ii) The equations (4) Further we use the notation of (13) . Especially, 7E.40denotes
the Weyl spinor and 2E 22 the spinor equivalent of the tracefree part of the Ricci tensor.
Spinor fields on flat spacetimes
The first lemma is used to prove the existence of a potential for a given symmetric spinor field.
Lemma 1: Let qES fl+, ( kk1) be some given spinor field which is
divergence-free:
has a solution OE Sfl,k+, which is divergence-free, too.
Proof:
We prove Lemma 1 only for n=O, k=1, because we may append any number of free indices simultaneously on q and 0 in flat spacetimes (see, e.g., [4] ). If any solution 0 of (6) does exist, then the vanishing of its divergence follows immediately from (6).
For n=O, k=l the tensor equivalent of the spinorfield q is a complex vector field. If we denote its real and imaginary part by v resp. w, then the condition (5) yields äa Va = a a w = 0.
R. ILLCE
By the Lemma of Poincaré there exists an alternating 2-tensor E with
Wa (8) where the asterisk denotes the dual of E (13] .
With the tensor fields E and v let us form the equation
for the vector field u. If we take u as an electromagnetic potential, then (9) is just an inhomogeneous Maxwells equation.
The first part of (7) guarantees that the right-hand side of (9) satisfies the continuity equation. If the Lorentz gauge condition holds, then (9) reduces to an equation of normal hyperbolic type and can be solved in the usual way.
Let us now define the antisymmetric tensor field F by
Using (8) and (9) we obtain aa* Fab
The spinor equivalent of the tensor ½(F ab _i *Fab ) has the fotm OXYEAB with a symmetric spinor 0 [13] , hence the equation. (11) is equivalent to (6) with n=O, k=l and the Lemma is provedU 
The first equation of (14) ii) It suffices to show that 
Because is divergence-free, we obtain by use of (17) 
Proof: The statements of Proposition 3 follow immediately from
Lemma 20
Proposition 3 shows an equivalence between the equation (20) for a massless field p and the equation (21) for its potential . But equation (20) is inconsistent for n>l in curved spacetimes which are not conformally flat.
Curved spacetimes
We now try to modify the results of the preceding section for R ILLGE curved spacetimes. First we consider the cases of "lower spin
0=0 and n1).
If n=0, then the Propositions 1 and 3 are void. In this case (20) is the Weyl equation, it is consistent in arbitrarily curved spacetimes (see [15] ). For Weyl fields there does not exist a potential.
For n=l, Proposition 1 is also true in curved spacetimes ([10] , the second part is trivial because the gauge field w is a scalar field). Lemma 2 is for n=l universally valid, too:
Lemma 3: For every we have
Proof: The validity of (22) follows from the Ricci identities for spinor fields (see [13] Remark 2: The field equations (23) are equivalent to the homogeneous Maxwell's equations; they are consistent in arbi'tra-rily curved spacetimes (see, e.g., [13, 15] For n>l the field equations (20) are inconsistent unless the spacetime is conformally flat [3, 15] . The equations (6) are inconsistent for n>0, k>l unless the spacetime has constant curvature [10, 15] . In general, the derivative
A1A2L1x2
for some spinor field is not symmetric with reference to the indices A,A 2 . Furthermore we obtain after a long calculation by use of the Ricci identities
This difference shows that one can generalize Lemma 2 for n = 2 at R ILLCE most to spaces of constant' curvature. Summarizing, it seems to be impossible to generalize the results of Section 2 for n>l to a curved spacetime unless the latter one is of constant curvature.
One possibility to overcome this situation is to consider the field equations
which are obviously stronger than (21) . Equation (27) ii) In flat spacetimes the solutions of (27) satisfy the equation (21) for the potential C of the field q.
iii) The equations (27) 
Proof: The Cauchy problem for the system (27), (28) was studied in [10, 15] . Existence and uniqueness of its solution are proved in these papers. The conformal invariance of (27) is -shown in [13] . The statement ii) is obviously correctU 
